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1. INTRODUCTION
Cobalt nanostructures have potential applications in the 
area of high-density magnetic recording system1. One of the 
attractive features of transition metal cobalt (Co) is that it can 
exhibit ferromagnetic property even if its thickness goes down to 
the extent of ultra thin level. However, Co nanostructures have 
the disadvantage that they have a tendency to get oxidized and 
this undesired property aggravates further with the decrease in 
particle size. Thus, researchers are trying hard to protect such 
nanostructures from oxidation. One of the methods to generate 
ferromagnetic properties is to embed Co nanostructures into 
a suitable matrix like polymer2,3. Polymers have numerous 
technical applications because of their many fold advantages 
like, for example lightness in weight, noncorrosiveness, easy 
mouldability and amenability towards creation of desired shapes 
and sizes besides their ability to accommodate guest molecules 
such as metal nanoparticles. Nanocomposite is considered 
as a system3-17 which comprises of two or more constituent 
materials in which each constituent components not only has 
significantly different physical or chemical properties but they 
also remain distinctly separated in the system where at least one 
of them must remain in its nanoscopic level3-17. The definition 
of nanocomposite material has broadened significantly to 
encompass a large variety of systems including systems where 
nanoparticles are embedded13 in the matrix system3-17. Therefore 
metal nanoparticles embedded in polymer matrix leads to the 
formation of metal-polymer nanocomposite 
 Poly (vinyl alcohol) PVA is a polymer, which is gaining 
increasing importance due to its nontoxic nature, easy 
processability, good film forming ability, biocompability and 
biodegradability.
This urged us to select PVA as matrix material to 
accommodate metal nanoparticles for the preparation of 
nanocomposite system.
Cobalt nanoparticles can be synthesized by various 
chemical routes as well as physical methods; and such metal 
particles can be deposited on 2D substrate. However, for 
magnetic recording purpose, the cobalt metal should be 
available in the form of thin film form. In such case physical 
deposition method is preferred over the chemical methods. 
Sputter deposition method commonly known by the name 
sputtering is a physical technique often used for developing 
thin films. In the present work, Ion beam sputtering (IBS) 
technique has been selected as deposition technique because it 
ensures good adhesion of adatoms.
In the present systems Co was embedded into the PVA vinyl 
polymer film to prepare cobalt metal nanoparticle embedded 
polymer nanocomposites where Co was present in metallic 
phase to result magnetic property in the nanocomposite films. 
In this backdrop, we report in the present paper, embedment 
of Co nanoparticles in PVA film by ion beam sputtering (IBS) 
technique to prepare nanocomposites. It is worth noting that 
unlike PVA/Co/C2 and PVA/Co/Ag3 nanocomposite systems, 
no additional over layer was required to generate magnetic 
property. The structural and magnetic properties of this PVA/
Co nanocomposite are described here.
2. EXPERIMENTAL
Prior to deposition, float glass substrate was cleaned 
ultrasonically. PVA (Mol. Wt. 72 kDa, E. Merk, Germany) was 
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matrix system. XPS study confirms the metallic nature of Co MOKE studies show that the nanocomposite film is 
ferromagnetic with Hc
׀׀
 of. 42.8 Oe. 
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dissolved in double distilled water at 60 °C with continuous 
stirring on a magnetic stirrer. After obtaining clear solution, 
film of PVA was deposited by solution casting method. A 5 
nm layer of Co nanoparticles was deposited in PVA film by 
ion beam sputtering method using Kaufman gun maintaining 
a base vacuum of ~1x10–6 Torr. The Grazing incidence x-ray 
diffraction (GIXRD) patterns of the samples were recorded on 
Bruker D8 advanced diffractometer using Cu Kα radiation. 
Atomic force microscopic (AFM) images were recorded 
by Nanoscope E digital instrument in contact mode. 
XPS was recorded by VSW using Al Kα radiation with 
an overall energy resolution of ~0.9 eV. XPS peaks were fitted 
using XPSpeak 4.1 software. The magnetization behavior was 
observed by using Magnetic optical Kerr effect, MOKE method 
involving He-Ne laser with λ=6328 Å. All measurements were 
done ex-situ.
3. RESULTS AND DISCUSSION
3.1 GIXRD Study
GIXRD pattern of freshly deposited sample of PVA/
Co nanocomposite is shown in Fig. 1. The prominent peak at 
2θ =19.7° is attributed to PVA, the corresponding interplanar 
distance is found to be 0.45 nm which agrees well with the 
reports of the earlier researchers18 and the  small peak at 2θ = 41°, 
which may be attributed to (100) plane of hexagonal closed 
pack (hcp)  metallic cobalt. These match well with the earlier 
reported values2,3. The small size of Co peak (Fig.1) is typical 
of cobalt with very small thickness2,3. PVA is a semicrystalline 
polymer comprising both the crystalline zone as well as 
amorphous zone. As the crystalline peak of PVA remains 
undisturbed even after sputter deposition of Co nanoparticles, 
understandably Co does not interact with the crystalline zone of 
PVA but rather it might have been influenced by the amorphous 
zone of PVA probably through its OH groups which possibly 
facilitates the growth of hcp cobalt in the nanocomposite. PVA 
is seen not only to facilitate the growth of Co nanostructures 
but also it protects its metallic phase which indicates that the 
Co nanostructures get embedded in PVA matrix resin which 
protects it from environmental degradation especially from 
oxidation. Similar kind of observation was reported2,3  which 
supports present view. The particle size of Co as calculated 
from Co (100) plane using Scherrer formula is found to be 
about 2.1 nm. This shows that Co is present in PVA matrix as 
nanoparticles.  
3.2 UV-Vis Spectroscopic Study
To further confirm the presence of Co nanoparticles in 
the PVA  matrix, uV-VIS spectrum of freestanding PVA/Co 
film was recorded and is presented in Fig. 2. The absorption 
spectrum shows a well-defined absorption edge at ca. 250 nm, 
which indicates semicrystalline behaviour of PVA. This result 
is in confirmation with our earlier report3. The absorption band 
at 280 nm and a shoulder at 330 nm are also in confirmation 
with our earlier paper and these bands can be attributed to p-p* 
transitions due to carbonyl groups remaining in the polymer 
matrix. PVA does not have any absorption bands beyond 330 
nm3,19. Metal nanoparticles show surface plasmon resonance 
peak (SPR) and the position of the peak depends on the metal 
particles, its size and shape. Taking into account these facts, the 
absorption band around 361 nm in Fig. 2 can be considered as 
the indication of the presence of cobalt metal in nanostructure 
form3,20. This uV-VIS spectrum confirms that the film prepared 
for the present study is a kind of nanocomposite material4-17 
which is composed of Co metal nanoparticles and a non- 
metallic polymer matrix material, PVA. 
3.3 XPS Study
XPS is a useful technique for investigating the chemical 
state of an element as also for  the depth profiling of the 
system which means extracting information about the vertical 
distribution of metal particles embedded in the polymer 
matrix3,21. In the present study, this technique has been used 
to investigate the chemical state of Co nanoparticles as well 
as the vertical particle distribution in polymer matrix system. 
The depth profiling analysis of metal embedded in PVA film 
was carried out by controlling the Ar+ ion sputtering and in-situ 
XPS measurements. 
Figure 2. UV-VIS spectrum of freshly deposited PVA/Co 
freestanding nanocomposite film.
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Figure 1. GIXRD pattern of PVA/Co nanocomposite (freshly 
deposited sample); the inset shows the fitting of Co 
(100) peak.
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XPS survey scan of the as deposited (unetched) sample 
showed prominently C 1s and O 1s peaks. The sample was 
etched using Ar+ ion sputtering. As the sputtering time was 
increased, the intensity of Co peak increased while the intensity 
of C 1s and O 1s peaks decreased. After 35 mins of sputtering, 
the intensity of C 1s and O1s peaks again started decreasing 
while the intensity of Co peaks started increasing. This indicates 
that Co is embedded inside the PVA matrix system.
Narrow scan of Co peaks revealed that in the post 
sputtered spectra, Co is present in metallic phase. Co 3p peak 
as present in XPS spectra recorded after 80 mins of sputtering 
is reproduced in Fig. 3. The Co 3p spectrum could be fitted 
well with one peak indicating the presence of only one kind of 
cobalt which is metallic cobalt. The binding energy of Co 3p 
state as determined from XPS study is found to be 59 eV which 
matches well with the reported value of cobalt metal22,23. This 
cobalt is embedded in PVA in which Co existing in nanosize 
level yet retaining its metallic characteristics. It would, 
therefore, be interesting to study the magnetic behaviour of this 
polymer/metal nanocomposite film. 
The magnetic behaviour of PVA/Co nanocomposite film 
was studied using MOKE at room temperature. The in-plane 
Figure 5. MOKE record of freshly deposited of PVA/Co 
nanocomposite film.
Figure 3. Co 3p core level spectrum of PVA/Co film (freshly 
deposited) after sputtering of 80 mins; the solid line 
shows the fitting.
implies that Co nanoparticles are embedded in PVA matrix, 
thus the sample prepared in this investigation is a PVA/Co 
nanocomposite system.
3.4 AFM Study
Surface morphology and surface roughness are 
important characteristics of a material. AFM image of freshly 
deposited PVA/Co film is shown in Fig. 4. One can see some 
discontinuous structures on the surface. These can be attributed 
to the composite structure of PVA and Co nanoparticles. The 
average size of the composite nanostructures is found to be 
about 64 nm and the surface roughness is found to be about 5.1 
nm. The roughness of bare PVA film as determined from AFM3 
showed a roughness of 2.2 nm. The increase in roughness in 
case of PVA/Co film can be attributed to the presence of Co 
nanoparticles.    
3.5 Magnetic Study 
Cobalt is a ferromagnetic material and the distinguishing 
feature about cobalt is that it can remain ferromagnetic down 
to ultrathin level. The sample in the present investigation has 
established itself as a nanocomposite of cobalt and PVA where 
Figure 4. 2D(400 nm x 400 nm) AFM image of PVA/Co 
nanocomposite film (freshly deposited). 
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magnetic measurements using MOKE are reproduced in Fig. 5. 
One can see that the sample shows well-defined hysteresis loop 
with coercivity Hc
׀׀
 of 42.8 Oe indicating soft ferromagnetic 
behaviour.
A comparison of the Hc
׀׀ 
value of cobalt films on other 
substrates reveals that for as deposited 40 nm Co film on glass 
by IBS technique, it is reported to be ~26 Oe23; whereas for 
the as deposited cobalt films on glass as well as Si substrates 
with the thickness from 50 nm to 120 nm, Hc
׀׀ 
is reported to be 
less than 10 Oe24. But here, more importantly, in the present 
investigation with PVA/Co nanocomposites can bring out 
better magnetic property.
It is also interesting to note that in earlier publications 
the authors had reported magnetic study of 5 nm layer of Co 
nanoparticles embedded in PVA matrix having an overlayer of 
2 nm of carbon2 showed ferromagnetic behaviour with a Hc
׀׀
 
value of 7 Oe; and in case of 9 nm layer of Co nanoparticles 
in PVA matrix with an overlayer of 4 nm of Ag showed 
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corresponding Hc
׀׀
 value of 12 Oe only3. Clearly, in this study 
showed that nanocomposites based on Co and PVA without 
application of the said overcoat is good enough to show that 
Co can remain protected and give better magnetic properties. 
Thus PVA/Co nanocomposite is a good candidate for magnetic 
material.
4. CONCLUSION
It can be seen in this paper that IBS is a good technique 
for embedding Co nanoparticles in vinyl polymer PVA film 
to prepare magnetic nanocomposite material. PVA provides 
protection to Co against environmental degradation and allows 
Co to remain in metallic state. Besides, PVA is found to act 
as a good seeding agent allowing the growth of  hcp phase of 
Co metal. This hcp phase of Co nanoparticles embedded in 
PVA is responsible for the ferromagnetic behaviour which is 
found even better than some of the samples deposited on other 
substrates as reported by other authors. 
ACKNOwLEDGEMENTS
The authors would like to thank uGC-DAE CSR, Indore 
for GIXRD, MOKE and XPS study especially to Dr Reddy 
and Dr Shripathi for help extended during these measurements. 
Authors would like to thank DRDO, Govt. of India for granting 
the project for carrying out this work.
REFERENCES
1. Wang, H.; Wong, S.P.; Cheung, W.y.; Ke, N.; Chiah, 
M.F.; liu, H. & Zhang, X.X. Microstructure evolution, 
magnetic domain structures, and magnetic properties of 
Co–C nanocomposite films prepared by pulsed-filtered 
vacuum arc deposition. J. Appl. Phy., 2000, 88, 2063-
2067. 
2. Banerjee, M.; Sachdev, Preeti & Mukherjee, G.S. Studies 
on magnetic nanocomposites of carbon cobalt vinyl-
polymer prepared by ion beam sputtering technique. 
Advance Science Engineering and Medicine (cf. Journal 
of Scientific Conference Proceedings), 2009, 1, 86–92.
3. Banerjee, M.; Sachdev, Preeti & Mukherjee, G. S. 
Preparation of PVA/Co/Ag film and evaluation of its 
magnetic and microstructural properties. J. Appl. Phys. 
2012, 111, 094302 -1-094302 -6. 
4. Jeon, In-yup & Baek, Jong-Beon. Nanocomposites 
derived from polymers and inorganic nanoparticles. 
Materials, 2010, 3(6), 3654-3674.
5. Oriakhi, C.O. & lerner, M.M. Encyclo. Physical Science 
and Technology. 3rd ed. Academic Press, 2002, 10, 269.
6. Kwong, Ho yin; Wong, Man Hon; Wong, yuen Wah 
& Wong, Kin Hung. Magnetoresistivity of cobalt-
PTFE granular composite film produced by pulsed laser 
deposition technique. Rev. Adv. Mater. Sci., 2007, 15, 
215-219.
7. lukashevich, M.G.; Popok, V.N.; Volobuev, V.S.; 
Melnikov, A.A.; Khaibullin, R.I.; Bazarov V.V.; Wieck, 
A. & Odzhaev, V.B. Magneto resistive effect in PET films 
with iron nanoparticles synthesized by ion implantation. 
The Open Appl. Phy. J., 2010, 3, 1-5.
8. Hong, Jongill; Kay, E. & Wang, Shan X. Granular magnetic 
cobalt metal/polymer thin film system. Magnetics IEEE 
Trans. Magn., 1996, 32(5), 4475 -4477.
9. Petukhov, V.yu; Panarina, N.yu.; Khabibullina, N.R; 
Zheglov, E.P. & Mozhanova,  A.A. Features of FMR 
spectra observed in granular films formed by Fe+ 
implantation into PMMA. Appl. Magn. Reson., 2006, 
30(2), 233-242. 
10. Khaibullin, R.I.; Rameev, B.Z.; Popok, V.N.; Zheglov, 
E.P.; Kondyurin, A.V.; Zhikharev, V.A. & Aktas, B. An 
influence of the viscosity of polymer substrate on ion 
beam synthesis of iron granular films. Nucl. Instrum. 
Methods Phys. Res.B, 2003, 206, 1115–1119. 
11. Guo, Zhanhu; Wei, Suying; Park, Sung; Moldovan, 
Monica; Karki, Amar & young David, Hahn H. Thomas, 
An investigation on granular-nanocomposite-based giant 
magneto resistance (GMR) sensor fabrication. Proc. 
SPIE, 2007,  6526, 65260u-1- 65260u-8.
12. Faupel, Franz; Zaporojtchenko, Vladimir; Strunskus, 
Thomas & Elbahri, Mady. Metal-polymer nanocomposites 
for functional applications. Adv. Eng. Mater., 2010, 12, 
1177 -1190.
13. Bruschi, P.; Cacialli, F. & Nannini, A. Sensing properties 
of polypyrrole-polytetrafluoroethylene composite thin 
films from granular metal-polymer precursors, Sens. 
Actuators, A, 1992, 32(1–3), 313-317 .
14. Teixeira, F.S.; Salvadori, M.C.; Cattani, Mauro; Carneiro, 
S.M. & Brown, I.G. Surface plasmon resonance of 
gold nanoparticles formed by cathodic arc plasma ion 
implantation into polymer. J. Vac. Sci. Technol. B,  2009, 
27(5), 2242-2247.
15. Bruschi, P.; Nannini, A. & Massara, F. low temperature 
behaviour of ion-beam-grown polymer-metal composite 
thin films. Thin Solid Films, 1991, 196(2), 201-213.
16. Okay, C.; Rameev, B.Z.; Khaibullin, R.I.; Okutan, M.; 
yildiz, F.; Popo      k, V.N. & Aktas, B. Ferromagnetic 
resonance study of iron implanted PET foils. Physica 
Status Solidi (a) 2006, 203,1525–1532.
17. Nannini, A.; Cacialli F. & Bruschi, P. Conducting polymer 
blend thin-films from granular metal polymer composites. 
J. Mol. Electron., 1991, 7(1), 21 - 27.
18. Mukherjee, G.S. Modification of poly(vinyl alcohol) 
for improvement of mechanical strength and moisture 
resistance. J. Materials Sci., 2005, 40, 3017-19.
19. Bhajantri, R.F.; Ravindrachary, V.; Harisha, A.; Crasta, 
V.; Nayak S.P. & Poojary, B. Microstructural studies on 
BaCl2 doped poly (vinyl alcohol). Polymer, 2006, 47, 
3591-98.
20. Sanghamitra, Nusrat J.M. & Mazumdar, Shyamalava. 
Effect of Polar solvents on the optical properties of water-
dispersible thiol-capped cobalt nanoparticles. Langmuir 
2008, 24, 3439-3445.
21. Changli, lu; Zhanchen, Cui; yao, Wang; Zuo li; Cheng, 
Guan; Bai, yang & Jiacong, Shen. Preparation and 
characterization of ZnS–polymer nanocomposite films 
with high refractive index. J. Mater. Chem., 2003, 13, 
2189-2195.
22. Wagner, C.D. & Riggs, W.M. Handbook of X-ray 
photoelectron spectroscopy. Perkin-Elmer Corp. 
DEf. SCI. J., VOl. 64, NO. 3, MAy 2014
294
23. Sharma, A.; Brajpuriya, R.; Tripathi, S.; & Chaudahri, S. 
M. Study of annealed Co thin films deposited by ion beam 
sputtering. J. Vac. Sci. Technol. A, 2006, 24, 74-77.
24. Kharmouche, A.; Ch´erif, S-M.; Bourzami, A.; layadi, 
A. & Schmerber, G. Structural and magnetic properties of 
evaporated Co/Si(100) and Co/glass thin Films. J. Phys. 
D: Appl. Phys., 2004, 37, 2583–2587.
CONTRIBUTORS
Ms. Preeti Sachdev obtained her MSc(Physics) from School 
of Physics, Devi Ahilya University, Indore and submitted her 
PhD thesis on magnetic nanocomposites in the Devi Ahilya 
University, Indore. Presently she is working in the Nanoscience 
and Nanotechnology Group of School of Physics, Devi Ahilya 
University, Indore.  
Dr Mandira Banerjee is Professor of Physics in Devi Ahilya 
University, Indore. Her present research interests are microstuctral, 
optical and magnetic properties of nanomaterials and polymers 
including magnetic nanocomposites. Her visits abroad include 
visits to CERN and ICTP.  She has successfully completed 
research projects sponsored by different National funding 
Agencies.
Dr G.S. Mukherjee
 For details please See page number 192.
